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The recent development of lasers has made
relatively monochromatic, coherent radiation
available in the visible, ultraviolet and infra-red
region of the electromagnetic spectrum. Initial
studies on laser irradiation of the skin of rodents
(1, 2, 3) suggested that the effects were not due
to conductive heat alone. Subsequent studies
demonstrated the formation of free radicals (4)
in the skin of mice following laser irradiation.
It was further observed (5) that laser radiation
at high power levels had differential effects on
melanin. Irradiation of transplanted melanoma
resulted in lasting regressions at high energy levels
(6, 7, 5).
Studios on the interactions of laser radiation
with biological in vitro preparations indicated
that the activities of enzymes, gamma globulins
and blood-group substances could be altered
differentially (2, 9). Irradiation of solutions con-
taining lipase and trypsin resulted in changes of
the lipolytic activity while the proteolytic ac-
tivity remained unaffected. Gamma globulin
preparations were altered both in respect to their
behavior as antibodies and as antigens.
The rapid development of laser technology
indicates the increasing need for further informa-
tion on the biological effects of these types of
radiation. Hazards to personnel, which involve
the skin and eyes primarily, the use of laser de-
vices as research tools in biology, and the possi-
bility of medical applications of laser radiation,
are some of the reasons for the interest of derma-
tologists in this new area of investigation. This
report presents further studies on the effects of
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laser radiation on the skin and underlying struc-
tures.
METnons AND MATERIAL5
Most of the studies described here were carried
out with a ruby crystal lasert operating at a
wave length of 6943 A, at energy levels of 3—100
joules per pulse and a pulse duration of the order
of 1 millisecond. The radiation was unfocussed,
or focussed and defocussed by simple lens systems.
The effects of the interaction was recorded by
means of still photography and high speed moving
picture cameras at 8000—10,000 frames per second.
Swiss (white) and C57 (black) mice were em-
ployed. Harding-Passey melanoma transplanted
to Swiss mice was used in studies on tumor-
bearing animals. The animals were anesthetized,
the hair was clipped and the area was depilated
chemically prior to irradiation. The animal was
mounted on an optical bench to facilitate align-
ment with the lens system and the direction of
the radiation.
EXPERIMENTAL
Irradiation of the intact animal was accom-
panied by a "plume" of back-scattered radiation
and particulate matter (Fig. 1). The back-scat-
tered radiation contains components which
differ from the incident primary radiation. This
indicates that the energy of the incident electro-
magnetic radiation is partially converted to
other forms of radiation.
The back scattered material had been propelled
by a mechanical force generated by the interaction
at the surface of the animal. This indicates that
part of the energy of the incident radiation was
converted into mechanical energy required for the
distention within the abdominal wall as well as
for hackscattering of particulate material. Some
of the mechanical energy was apparently produced
by a rapid change in phase of the water at the site
of interaction from liquid to vapor. At the same
time a pressure wave is initiated, which is propa-
gated into the interior of the animal.
In order to observe more closely the rapid se-
quence of events taking place during the inter-
action, high speed photography was employed.
The sequence illustrated (Fig. 2) shows successive
frames, taken at intervals of approximately
1/10,000 second. It can be seen that the distention
within the abdominal wall, as recorded by the
still camera, represents a composite of several
t Model ,fllOO, Maser Optics Inc., Brighton,
Mass.
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FIG. 1. Site of laser irradiation during exposure
in intact mouse. Distension is present within
anterior abdominal wall. "Plume" of back scat-
tered radiation and particulate matter is propelled
backwards primarily along path of radiation as
well as in other directions.
FIG. 2. Sequence of effects during irradiation
at successive intervals of approximately 1/10000
second. Formation and decay of distension within
abdominal wall as recorded by high speed mov-
ing picture camera.
but indicate that the changes are not necessarily
progressive throughout the exposure.
Measurements on the transmitted energy (Fig.
3) were carried out on specimens of skin reflected
from the abdominal wall. At energy levels of 40—50
joules per pulse, approximately 50% of the energy
was transmitted through the cutaneous layer;
approximately 25% of the incident energy was
transmitted through the entire thickness of the
abdominal wall. More recent studies indicate that
the relation of incident energy to the transmitted
energy is not linear (3).
The superficial lesion (Fig. 4) produced by
irradiation of the intact animal is considerably
more severe than that produced in the isolated
skin flap (Fig. 5). The differences in severity are
further indicated by the microscopic appearance
of the respective sites of irradiation. (Figs. 6, 7).
These observations further suggest that the
effects observed are not solely due to conduction
of heat. Application of heat by means of a cautery
needle resulted in similar lesions in the skin of
intact animals and in isolated skin preparations.
(Figs. 8, 9)
Severe lesions were observed in the abdominal
(Fig. 10) and thoracic viscera deep to the site of
laser irradiation. The degree of injury to the struc-
tures intervening between the superficial lesion
and the visceral lesion varied in the successive
tissue layers. Relatively slight morphological
changes in the epidermis and dermis were ac-
companied by marked damage and hemorrhages
stages. The maximum degree of distention appears
during the second half of the laser pulse. Quantita-
tion of the volume, diameter and distance of the
distention at successive stages are still in progress,
FIG. 3. Transmission of primary and secondary
visible radiation through skin flap demonstrated
by "Tyndall cone effect".
t1.
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in the muscle layers. Extensive hemorrhages
were present in the fatty-areolar layer. The ab-
sence of free blood in the peritoneal cavity sug-
gested that some degree of integrity had been
retained by the parictal (and visceral) pcrito-
ncum. The lesions in the viscera were consid-
erably more severe than the injuries to more
superficially located structures. Lesions in the
liver, spleen, kidney and other abdominal viscera,
however, despite their apparent severity, were
compatible with normal survival. In control
studies, in which intra-abdominal lesions of
equivalent extent were produced by means of an
electric cautcry needle, the injury to the affected
tissues was relatively uniform, as represented by
a continuous coagulum. The animals died within
24 to 72 hours following perforation of the ab-
dominal wall with a cautery needle. Irradiation
of Harding-Passey melanoma at energy levels
exceeding 350 joules per pulse at 6943 A* and
at 10600 Af resulted in lasting regressions in 13
of 18 animals. In a group of 15 animals, with 2
or more nodules of Harding-Passey melanoma,
irradiation of one nodule resulted in lasting re-
gression of the non-irradiated as well as the ir-
radiated tumors in 7 animals. The animals in
which regressions of one or more tumors were
observed, appeared to survive and behave nor-
mally during observation periods of 9 months or
longer, while the non-irradiated, tumor-bearing
controls died within the expected time (4—S
months). Harding-Passey melanoma was trans-
planted for a second time to 6 animals, in which
regression of Harding-Passey melanoma had
followed laser radiation. The transplant failed
to grow in 5 of these animals.
DISCUSSION
The data presented indicate that the inter-
action of laser radiation with skin and other bio-
logical systems is complex. The effects of the
interaction are due to several factors, including
primary and secondary radiation and mechanical
energy in addition to conductive heat. Measure-
ment of the various physical parameters in the
interaction is complicated by rapid qualitative
and quantitative changes occurring during inter-
vals of less than 10—i second.
* Ruby laser, provided through the cooperation
of Dr. Harry Franks, Maser Optics, Inc.,
Brighton, Mass.
f Neodymium doped glass laser provided
through the cooperation of Mr. Dixon, Rosoarch
Laboratories, American Optical Co., Southbridgc,
Mass.
Fxo. 4. Appearance of superficial lesion in
abdominal skin of intact animal immediately fol-
lowing unfocussed laser radiation at 6943 A, 44joules per pulse and pulse duration of 10—i second.
Fin. 5. Appearance of lesion in skin flap (ab-
dominal) immediately following unfocussed laser
radiation at 6943 A, 70 joulos per pulse and pulse
duration of 10—i second. No grossly observable
changes arc present.
The back-scattered material in the plume and
the formation of a distension within the superficial
tissue layers indicate the generation of mechani-
cal energy. The composition of the electromag-
netic radiation in the plume indicates that con-
version of the incident radiation to radiation at
frequencies differing from the primary frequency
occurs. Measurements further indicate that a
substantial portion of the incident energy is
transmitted through the skin to deeper structures.
The variation in the severity of the damage to
successive tissue layers suggests that the trans-
mitted energy interacts differently with various
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FIG. 6. Microscopic appearance of skin and subcutaneous tissue following laser irradiation of intact
animal. (6943 A, 32 joules/pulse, pulse duration of 10—s second.) Magnification 40X
FIG. 7. l\ieroscopic appearance of skin and subcutaneous tissue following laser irradiation of skin
flap. (6943 A, 70 joules/pulse, pulse duration of 10 second.) Magnification 160X
types of tissue. Differential effects are indicated
by the presence of severe deep-seated lesions
underlying relatively mild superficial lesions.
Differential effects are also indicated by previous
observations in which hair at the site of irradia-
tion continued to grow but was non-pigmented
in C57 (black) mice (3, 5). In these animals
melanogenesis had been impaired while hair
growth continued normally in other respects.
The course of transplanted Harding-Passey
melanoma further indicates the difference in the
effects of the radiation on these tumors as com-
pared with the effects on normal tissues. The
tumors were destroyed entirely, as shown by
apparently complete regression and protracted
survival of the host. Death of non-irradiated
controls occurs in 4—5 months, while animals in
which regressions followed laser irradiation, have
survived for 12 months (length of observation
period). Although destruction of the tumor was
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apparently complete, damage to overlying and
adjacent normal structures appeared to be slight,
epidermal appendages remained intact and scar
formation was minimal (6).
These findings indicate a degree of differential
interaction with various tissues, which would not
be produced by conducted heat. It thus appears
that factors other than thermal play an important
role in the effects of the interaction of laser radia-
tion with biological systems.
Regression of multiple distant transplants of
Harding-Passey melanoma following laser irradi-
ation of one tumor nodule was observed in a
significant number of animals. Following the
suggestion by Sulzberger (10) the possibility of
latent immunological incompatibility between
the tumor and the host was tested. A second
transplant of ilarding-Passey melanoma to ani-
mals, in which the first transplant had regressed Fin. 9. Appearance of lesion immediately
following laser irradiation, failed to take in 5 of 6 following application of electrocautery needleto skin flap.
animals. Since the spontaneous regression rate is
less than 3%, these preliminary findings warrant
further exploration.
In our previous studies on experimental tumors
(6, 11) it was observed that at energy levels of
less than 300 joules per pulse the regression rate
decreased considerably. At advanced stages of
the tumor, the survival time of irradiated animals
was less than that of the non-irradiated tumor
bearing controls. Irradiation of S91 Cloudman
melanoma appeared to enhance metastatic dis-
semination at energy levels of less than 100 joules
per pulse. At higher levels of energy, however,
Minton et al. (12) reported complete regression
Fin. 10. Lesion (necrosis) in the liver, located
deep to relatively mild cutaneous lesion shown in
Fig. 4 following laser irradiation of intact animal
(6943 A, 44 joules/pulse, pulse duration of 10
second). Hepatic lesion is considerably more
severe than cutaneous lesion despite attenuation
of transmitted radiation. Lack of free blood in
Fic. 8. Appearance of lesion immediately peritoneal cavity, absence of overt changes of
following application of electroeautery needle hepatie capsule and sharp demarcation of hepatic
to the skin in the intact animal. lesion is observed.
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of 591 melanoma in a significant number of ani-
mals.
In view of the many unknown factors which
obtain in the interaction of laser radiation with
biological systems, extensive animal studies will
be required to precede and guide clinical investi-
gation of possible medical applications of laser
devices, as discussed by Litwin and Glew (13)
in their comprehensive review.
sUMMARY AND CONCLUsIONs
The effects of the interaction of laser radiation
with skin and subjacent structures appear to be
due to several factors, including primary and
secondary electromagnetic radiation, mechanical
energy and conduction of heat. Differential
effects on various tissues suggest that those are
due to factors other than thermal. Extensive
studies on animals and in vitro biological systems
will be required to elucidate mechanisms of inter-
action, to evaluate hazards, and to provide a
basis for clinical investigation of laser devices.
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